I
n the letter entitled "CD8 ϩ T Cells Are Essential for Controlling Acute Friend Retrovirus Infection in C57BL/6 Mice" (1), Joedicke et al. raised some questions about interpretations of the data presented in our recent letter (2) . First, they point out that the lack of CD8 ϩ T cells in ␤ 2 -microglobulin (␤ 2 m)-deficient mice might be compensated for by enhanced responses of other immune cell subsets. To support this notion, the authors cite their recent paper in this journal (3) and state that CD4 ϩ T cells do not normally develop cytotoxicity in response to FV infection, but do so in the absence of CD8 ϩ T cells. However, the induction of cytotoxic functions with the expression of discriminative cytolytic molecules, including granzymes and perforin, in CD4 ϩ T cells is not an exceptional phenomenon, but a recent report has demonstrated a large degree of plasticity in reprogramming of mature CD4 ϩ T cells into cytotoxic cells (4) . Thus, mature, antigen-experienced CD4 ϩ T cells can terminate the expression of the master regulator of helper T-cell differentiation and switch to cytotoxic effector cells in response to chronic or strong stimulation. In fact, we have shown that CD4 ϩ T cells can exert cytotoxic activities upon FV infection in the presence of CD8 ϩ T cells when FVsusceptible mice are primed beforehand with an FV-derived CD4 ϩ T-cell epitope through vaccination with a synthetic peptide (5). Further, if CD8 ϩ T-cell functions can be replaced with those of other immune cells, they are not essential but dispensable by definition.
Joedicke et al.
(1) also claim that Lyt2 (CD8␣)-deficient mice are completely devoid of CD8 ϩ T cells, while the ␤ 2 m-deficient mice we used may possess residual CD8 ϩ T cells, which might have contributed to the observed FV elimination. However, cells in ␤ 2 m-deficient mice totally lack the expression of major histocompatibility complex (MHC) class I molecules on their surfaces (6) , and thus, even if there were residual CD8 ϩ T cells, such cells cannot recognize virus-infected target cells. On the contrary, it has long been known that CD8 coreceptors are not crucial for the development and effector functions of MHC class I-restricted T cells. In fact, mice deficient in the CD8␣ chain (CD8 knockout) efficiently rejected MHC class I-disparate skin grafts even when they were depleted of CD4 ϩ T cells, and donor cell-specific cytotoxic activity was detected in the CD8 knockout recipient mice (7). Further, wild-type and CD8 knockout C57BL/6 (B6) mice were equally resistant to mouse polyomavirus infection, while ␤ 2 m-deficient mice were susceptible, and CD3 ϩ CD4 Ϫ T cells that bound to the MHC class I tetramer loaded with a D b -restricted, dominant polyomavirus epitope were detected in infected CD8 knockout mice (8, 9) . As MHC class I-restricted cytotoxic effector cells can be generated in the CD8 knockout mice Joedicke et al. used, while such cells cannot lyse class I-deficient target cells, we would conclude that ␤ 2 m-deficient mice are better suited for evaluating the role of class I-restricted cytotoxic T cells in FV infection than CD8 knockout mice.
As to the transient depletion of CD8 ϩ T cells, Joedicke et al. state that we have observed findings similar to theirs. However, what we have described in the aforementioned paper (10; reference 2 in their letter) is that FV-specific CD8 ϩ effector cells are terminally exhausted in the early and memory phases (35 to 70 days after infection) in FV-susceptible mice, and it takes a combination of PD-1 and Tim-3 blockades in the induction phase to reverse this exhaustion. Curiously, two of the coauthors of the letter by Joedicke et al. (G. Zelinskyy and U. Dittmer) recently used the same combination of inhibitory receptor blockade, without mentioning the above preceding paper, and confirmed that PD-1 and Tim-3 are mainly responsible for the exhaustion of CD8 ϩ T cells in FV-infected B6 mice (11) . Finally, elimination of a virus by its host is not a state, but a process, as is virus control. Thus, no one can tell if a virus is being eliminated or controlled by testing the number of infected cells at one time point. Infectious centers detected at an early time point may be increasing or decreasing. Unfortunately, both in the T-cell depletion papers we cited in the previous letter and this reply (3, (12) (13) (14) and in the present data utilizing CD8 knockout mice (1), the authors measured FV infectious centers only at one or two time points in the very early phase (10 to 14 days after infection). We have stated in our previous letter that mice deficient in CD8 ϩ T cells do possess higher numbers of FV proviruses than wild-type B6 mice at 14 days after infection (2) . What really matters, however, is whether these viruses are eliminated through host responses at the later time points. As we have shown, FV is eliminated in both wild-type and CD8 ϩ T-cell-deficient mice by 7 to 15 weeks after infection (2) .
